While the hominin fossil record cannot inform us on either the presence or extent of social and cognitive abilities that may have paved the way for the emergence of language, studying non-vocal communication among our closest living relatives, the African apes, may provide valuable information about how language originated. Although much has been learned from gestural signaling in non-human primates, we have not yet established how and why gestural repertoires vary across species, what factors influence this variation, and how knowledge of these differences can contribute to an understanding of gestural signaling's contribution to language evolution. In this paper, we review arguments surrounding the theory that language evolved from gestural signaling and suggest some important factors to consider when conducting comparative studies of gestural communication among African apes. Specifically, we propose that social dynamics and positional behavior are critical components that shape the frequency and nature of gestural signaling across species and we argue that an understanding of these factors could shed light on how gestural communication may have been the basis of human language. We outline predictions for the influence of these factors on the frequencies and types of gestures used across the African apes and highlight the importance of including these factors in future gestural communication research with primates. Am. J. Primatol. 75:891-903, 2013. 
INTRODUCTION
Observe any conversation around the world and it will quickly become clear that gestures are ubiquitous. The gestures themselves vary from gesticulations, used along with speech and pantomimes that represent objects or events, to emblems that hold arbitrary meaning. The meaning behind gestures also varies from person to person and across cultures [Archer, 1997] . Holding up two fingers in the shape of a "v," with the palm facing outward is an emblem for "peace" in the United States, but turn the hand so that the palm faces inward, and you have just insulted someone in the UK. While gestures may vary in form, meaning, and function, the common thread between them is that gestures are prevalent in all human populations. This universality suggests that gestures are fundamental components of human communication.
The wealth of research on human gestures provides support for the idea that gestures are instrumental in communication. Children acquire gestures early in development and use them extensively before speech develops [Iverson et al., 2000; Knott, 1979] . Even after the onset of spoken language, gestures remain important features of communication well into adulthood and are often used in conjunction with speech [Dunning, 1971; Kendon, 1997; Melinger & Levelt, 2004] . However, gestures are not merely tools used to enhance speech. Gestures like emblems and pantomimes function as communicative signals independent of speech. More formalized sign languages of the deaf also represent fully functioning gestural languages that possess properties of syntax originally proposed by Chomsky [1968] and others to be inherent only in human speech [e.g., Armstrong et al., 1995] . Additionally, "homesigns" are rudimentary gestural systems that have emerged in deaf children across the world who are raised in an environment without exposure to formal sign languages [Armstrong & Wilcox, 2007; Goldin-Meadow & Feldman, 1977; Senghas & Coppola, 2001] . Homesigns emerge spontaneously without instruction, but they develop into systems of communication with linguistic properties like spatial grammar, in which the meaning of signs can be altered depending on their placement in space [Senghas & Coppola, 2001] . Though homesigns are less syntactically complex than formal sign languages or speech, and they are generally restricted to small communities of deaf people, they demonstrate how gestural systems of communication can emerge in humans and provide us with potential models for language evolution in early hominins [Botha, 2007] .
Increasingly, gestures are being regarded as essential parts of language, working with speech to form an integrated system in which both modalities contribute to language production and comprehension [Cartmill et al., 2012; Kelly et al., 2009] . Gestures are so intimately tied to speech that even congenitally blind people gesture as often as sighted people during conversations, and people on the phone often gesture while talking even though the gestures are not visible to their conversation partners [Iverson & Goldin-Meadow, 1998 ]. Beilock and Goldin-Meadow [2010] have even reported that people are better able to articulate their thoughts by using gestures and argue that gestures themselves can actually facilitate cognitive processes by anchoring thoughts in physical actions. For example, in their study, people had more difficulty describing a physical task they had just performed when the use of one of their hands was restricted, and their second performance of the task subsequently suffered [Beilock & GoldinMeadow, 2010] . Findings from this research not only provide convincing evidence for the strong connection between speech and gestures and validate the idea that gestures can comprise complete systems of communication independent of speech but also highlight the vital links between gestures and cognition as well as between language and motor actions.
Although growing lines of evidence demonstrate that gestural communication is integral to human language, the role of gestures in the origins and evolution of language in early hominins still remains the subject of interdisciplinary debate. This discourse has centered on whether human language is rooted in primate vocalizations, gestures, or a combination of both. Some scholars [e.g., Chomsky, 1968; Burling, 1993; Pinker & Bloom, 1990] have argued that language arose relatively late in human evolution (e.g., in the Upper Paleolithic) and thus is not based on the communication systems of non-human primates. However, findings from decades of field and experimental research demonstrate compelling ties between human and non-human primate gestures and vocalizations. Two perspectives have emerged among those who support continuity from the communication systems of non-human primates to human language. A number of primatologists who study vocal signaling contend that certain nonhuman primate vocalizations are semantic and stem from cognitive mechanisms similar to those that underlie human language [Seyfarth, 2005; Seyfarth et al., 1980 Seyfarth et al., , 2005 . Others, however, argue that non-human primate gestures share qualities of human language and that a more productive enterprise for investigating precursors to human language is to explore the gestural signaling of our closest living primate relatives, the African great apes [Müller, 2005; Pika et al., 2005a; Tomasello & Call, 2007] .
Answering the question of how language emerged remains challenging. In particular, the selection pressures that favored the anatomical, behavioral, cognitive, and genetic changes that led to the evolution of language in anatomically modern Homo sapiens and the timing of these changes are difficult to assess. Additionally, the hominin fossil record cannot inform us on the presence or extent of cognitive traits such as imitation, joint attention, theory of mind, and symbolic representation that were likely pre-adaptations for language. Fortunately, however, because of the close, anatomical, behavioral, and genetic similarities shared between humans and non-human primates-and in particular, the African apes-examining the nature and patterns of great ape gestural communication can provide us with valuable information about how language may have emerged, and how gestures and other forms of non-verbal communication may fit into the puzzle of language origins.
Primatologists and cognitive psychologists have been attempting to measure the linguistic abilities of non-human primates since the 1960s with the onset of research aimed at teaching American Sign Language to apes [e.g., Fouts, 1973; Gardner & Gardner, 1969; Terrrace, 1979] . Since then, the field has expanded to include observational and experimental studies of gestural and vocal signaling of various captive and wild populations of primates. Playback studies and spectrogram analyses of primate calls have demonstrated that species such as vervet monkeys (Cercopithecus aethiops) and Campbell's monkeys (Cercopithecus campbelli) use certain calls referentially to represent specific predators and that group members respond in predatorappropriate ways to these calls [e.g., Cheney & Seyfarth, 1990; Ouattara et al., 2009a,b; Zuberbüh-ler, 2000] . Other studies have shown that listeners can derive information about a caller, such as kinship and rank, that influences how they perceive and react to certain vocalizations [Cheney & Seyfarth, 1990; Kitchen et al., 2003; Seyfarth et al., 2005] . These studies indicate some flexibility in the ways that certain primate species learn to distinguish, comprehend, and respond to signals, particularly for the listener. However, aside from a report of a captive orangutan imitating a human whistle without explicit training [Wich et al., 2008] , there is no evidence that non-human primates invent new vocalizations without extensive human contact or human enculturation. Additionally, there is only limited evidence of flexible call production or usage outside of fixed social contexts [Hopkins et al., 2007; Janik & Slater, 2000; Marshall et al., 1999; Mitani & Brandt, 1994; Ouattara et al., 2009a; Seyfarth & Cheney, 1997; Seyfarth et al., 1980; Snowdon & Hodun, 1981; Tomasello & Zuberbühler, 2002] . Creating new signals and using them in multiple contexts are key aspects of human language, yet these phenomena are not pervasive in non-human primate vocal communication.
Instead, more robust evidence exists for flexibility in the use of gestural signaling [e.g., Genty et al., 2009; Hobaiter & Byrne, 2011; Müller, 2005; Pika et al., 2003; Pika et al., 2005a,b; Pollick & de Waal, 2007; Tomasello & Call, 2007] . Gestural communication may be more flexible than vocal communication because gestures are less tied to emotions [Pollick & de Waal, 2007] and used commonly to communicate less "evolutionarily urgent" information than vocalizations [Pika et al., 2005a, p. 43] . For instance, gestures are employed more often in the contexts of playing, nursing, grooming, and agonism [de Waal, 1988; Pika et al., 2003 Pika et al., , 2005a . These contexts are not necessarily tied to immediate survival goals, but they are undoubtedly important for navigating group life and for establishing and maintaining relationships with conspecifics. Vocalizations, on the other hand, are used most often when avoiding predators, traveling as a group, foraging, and defending against aggressors [Tomasello & Zuberbühler, 2002] . Thus, compared to vocalizations, gestures can be more easily incorporated into different social contexts, and shaped over time by repeated social interactions.
The intimate relationship between actor and recipient also distinguishes gestural signaling from vocal signaling because most gestures require a direct interaction between individuals [Cartmill & Byrne, 2010] . Tactile (and to some degree auditory) gestures require physical proximity, and the efficacy of visual gestures depends on the attentional state of the recipient. By contrast, vocal signaling does not require direct contact or rely on the visual attention of a potential recipient. Vocal signals are generally widely broadcast and may be received by all group members indiscriminately, including unintended receivers (i.e., "eavesdroppers"). Group-living primates could certainly obtain adaptive advantages by using non-vocal signals that could be intentionally withheld from certain individuals or restricted to particular dyads.
Here, we review the evidence supporting the idea that gestural signaling served as a precursor to human language and propose previously unexplored factors to consider when conducting gestural communication research with non-human primates. First, we present the salient arguments surrounding the gestural origin theory of language evolution. Then, we review the current status of gestural communication research in African apes. Next, we propose the hypothesis that social dynamics (group composition and the nature of social relationships) and positional behavior (postures and locomotion) play key roles in influencing the frequency and nature of gestural signaling and in shaping the specific gestures used between individuals of each species. We contend that these factors must be taken into account when examining gestural communication in African apes as a means of determining how gestural signaling may have evolved in early hominins.
GESTURAL ORIGINS OF LANGUAGE
The theory that language originated from gestures has a long history, stretching as far back as the eighteenth century. Many scholars credit the initial development of this theory to philosophers such as Condillac [cf. Corballis, 2002] , but the gestural origins theory is most often attributed to Hewes [1973] , who generated renewed interest by presenting a comprehensive review of the many facets of this theory. Since the 1970s, the gestural origins theory has gained increasing support from subsequent researchers who have each made his or her own contribution [e.g., Arbib et al., 2008; Armstrong & Wilcox, 2007; Armstrong et al., 1995; Copple, 2003; Corballis, 2002 Corballis, , 2003 Corballis, , 2009 Gentilucci & Corballis, 2006; Leroi-Gourhan, 1993] .
The central claim of the gestural origins theory is that human language arose from gestural communication rather than vocalizations [Hewes, 1973] . Although Hewes [1973] did not explicitly address the timing of this increased reliance on gestures in human evolution, many scholars have argued that the emergence of bipedality in early hominins approximately 2 million years ago facilitated the use of the upper limbs for activities such as tool manufacture and tool use, carrying objects, and manual (i.e., gestural) communication [Armstrong & Wilcox, 2007; Armstrong et al., 1995; Corballis, 2002 Corballis, , 2003 Corballis, , 2009 . Thus, the shift to obligate bipedality could have been a crucial step in precipitating the use of more frequent and more complex manual gestures. These early symbolic gestures then became the basis for language before more complex and controlled speech was incorporated into this system as evolving vocal anatomy allowed. Donald [1991] even proposed that simple gestural communication was already in place at this point, and the transition toward habitual bipedality may have marked the emergence of more complex gestures and representational gestures like pantomimes.
In recent years, neurological evidence has been incorporated into Hewes' [1973] original theory, which has helped to bolster the claim that gestures shaped language evolution. For example, Broca's area has been traditionally viewed as the speech area, but research reveals that this area is also active when humans perform and observe manual actions [Arbib, 2005] . In fact, even observing a hand grasping an object can influence syllable pronunciation, suggesting further cognitive links between speech and manual actions [Gentilucci, 2003 ]. An area homologous to Broca's area, F5, has also been discovered in the brains of macaques. In these monkeys, F5 contains neurons dubbed "mirror neurons" that are active when macaques observe and execute facial or manual actions [Arbib, 2005; Perrett et al., 1985] . Interestingly, primate vocalizations are not related to neuronal activity in the F5 region, but rather to the anterior cingulated cortex and other non-cortical regions, which are responsible for autonomic bodily functions [Jürgens, 2002] .
A homologue also exists in macaques for Wernicke's area, the region in humans that is involved in language comprehension. In humans and monkeys, this region is also active during facial and forearm movements [Kelly et al., 2002] . Furthermore, Xu et al. [2009] found that symbolic gestures (i.e., pantomimes and emblems that signify actions or objects and stand alone without speech) are processed by the same neural system as spoken language. This research indicates clearly that the brain area traditionally known as the "language network," the inferior frontal and posterior temporal cortices, does not function solely as a speech network but, rather, as an area that processes a broader range of symbolic communication independent of modality [Xu et al., 2009] . Furthermore, humans exhibit a left-hemisphere dominance for speech and language, and some researchers argue [e.g., Corballis, 2002] that this may derive from a pre-existing lateralization for gestural communication in the common ancestor of apes and humans. In a comparative study of handedness among great apes, Hopkins et al. [2012] found significant population-level preferences for right-handed manual gesturing among great apes, particularly for auditory gestures. These results suggest that left hemispheric dominance for communication is not unique to the human lineage, but rather is a shared trait among Hominidae that may stem from an earlier system of gestural communication that was eventually co-opted for speech and language. These important advances in cognitive neuroscience increasingly strengthen an evolutionary scenario in which speech became incorporated into a system based originally on gestural signaling and provide evidence for continuity between gestures in human and non-human primates [Arbib, 2005; Arbib et al., 2008; Corballis, 2002 Corballis, , 2003 Corballis, , 2009 .
GESTURAL RESEARCH IN AFRICAN APES
Previous investigations of African ape gestural communication have generally aimed to determine how the ancestors of modern humans may have communicated prior to the evolution of speech and whether certain properties of language exist in other primates. Long-term field studies of African ape behavior first uncovered the use of several communicative gestures [Fossey, 1983; Goodall, 1986; Ingmanson, 1996; Kano, 1982 Kano, , 1992 McGrew & Tutin, 1978; Nishida, 1980; Schaller, 1963] , and these findings sparked further investigation into the importance of non-vocal signaling in these species. In the wild, chimpanzees have been observed using over a dozen distinct gestures in a variety of contexts such as play, agonism, and sex [Goodall, 1986] . Population-wide differences have also been identified in gestures such as leaf-clipping displays [Nishida, 1980] and grooming handclasps [McGrew & Tutin, 1978] , both of which have been instrumental in cultural interpretations of geographic variation in chimpanzee behavior [e.g., de Waal, 1999; McGrew, 2004; Whiten et al., 1999] . As for the other African apes, species-specific displays such as chest beating have been observed in wild gorillas [Fossey, 1983; Schaller, 1963] and early studies of captive bonobos identified many unique gestures not seen in other apes, such as frequent genito-genital rubbing [de Waal, 1988] . Since these initial observations, researchers have compiled ethograms of gestures for several captive and wild populations (Table I) and have set out to explore more explicitly the role and diversity of gestures in African ape communication.
Thus far, research on gestural signaling in African apes has addressed spontaneous gestural use within species [e.g., de Waal, 1988; Genty et al., 2009; Hobaiter & Byrne, 2011; Kalan & Rainey, 2009; Liebal et al., 2004a; Savage-Rumbaugh et al., 1977; Tanner & Byrne, 1996] , examined the learning mechanisms involved in creating and maintaining gestures within groups such as phylogenetic ritualization and ontogenetic ritualization [e.g., Liebal & Call, 2012; Pika et al., 2003; , and explored individual capacities to learn language systems and use them to communicate with conspecifics and humans [e.g., Fouts, 1973; Gardner & Gardner, 1969; Savage-Rumbaugh et al., 1998 ]. Together, this body of research has revealed that African ape gestures can vary across populations of the same species, and many gestures are used in versatile ways to achieve multiple communicative ends. This flexibility within and across groups is a universal characteristic of gestural signaling and differentiates it from vocal signaling, which is more often tied to specific contexts. Gestures are also used at different rates among different age-and sex-classes, reflecting a need for different types of gestures at different developmental stages and within certain social relationships. For example, sub-adults and juveniles tend to gesture more frequently than any other age class [Pika et al., , 2005b , and they frequently gesture to other young individuals or to their mothers . Furthermore, African apes (particularly the genus Pan) show sensitivity to audience effects when gesturing, evident in a higher prevalence of visual gestures (as opposed to tactile or auditory gestures) when recipients are oriented toward the signaler [Bodamer & Gardner, 2002; Genty et al., 2009; Hostetter et al., 2001; Liebal et al., 2004b; Pika et al., 2003 Pika et al., , 2005a Povinelli et al., 2003; Tanner & Byrne, 1996] . This attention to the orientation and perception of another individual is a crucial indicator that gestures are used to communicate intentionally with others. While much has been learned about the use of gestural signaling in African apes, there is still much to be explored, particularly with respect to understanding how gestures are expressed within and across groups of different species. We feel that two questions are important to ask in future studies that aim to use gestural communication among African apes as a model for how gestural communication may have influenced language evolution in early hominins. First, do the frequencies of gestural signaling and the types of gestures used within a population differ as a function of social dynamics (e.g., levels of affiliation, agonism, and sexual behavior) across species? Second, how do locomotor and postural behaviors (e.g., time spent bipedal, climbing, sitting, or quadrupedal) vary across species and are these differences reflected in the ways that species communicate gesturally? Our theoretical framework builds upon the existing knowledge of the gestural repertoires of African apes and provides insights into how social dynamics and positional behavior may shape 
THE IMPORTANCE OF SOCIAL DYNAMICS
Clearly, gestural communication is instrumental to African ape communication; yet, the extent to which factors such as ecology, locomotion, cognition, and social dynamics differentially shape gestural repertoires across the African apes has not been fully explored . Social dynamics is of particular importance because of the proposed relationship between social complexity and communicative complexity [Freeberg et al., 2012] . Specifically, species with more complex social systems, as quantified by larger group size and a higher frequency of interactions with individuals of differing social roles across various contexts over time, are hypothesized to favor more complex forms of communication in terms of the number of structurally distinct signaling elements. For example, among North American wrens, song repertoire size is not only closely related to mating patterns (males in polgynous societies have a larger repertoire size compared to monogamous males), but species occurring at higher densities with high intraspecific encounter rates have larger and more complex repertoires than those occurring at lower densities [Kroodsma, 1977] . Among non-primate mammalian taxa, the number of distinct alarm calls in sciurid rodents is positively correlated to social complexity [Blumstein & Armitage, 1997; Pollard & Blumstein, 2012] and more social species of mongoose have a more diverse system of calls compared to solitary species, particularly in affiliative signals [Le Roux et al., 2009] . Similarly, the complexity of isolation calls among infant bats is strongly positively correlated with colony size [Wilkinson, 2003] . Together, these reported findings indicate a strong relationship between social dynamics and signaling patterns.
Among non-human primates, Maestripieri [2005] compared the diversity of gestures among three species of macaques in relation to their varying levels of social cohesion and found that they were similar in their use of dominance and submissive gestures but differed in those gestures associated with affiliation. As predicted [Maestripieri, 1997] , stumptail macaques (Macaca arctoides), the most despotic species with the highest amount of social avoidance, relied on the fewest number of gestures compared to the two other more socially complex species and affiliative rhesus (Macaca mulatta) or pigtail (Macaca nemestrina) macaques [Maestripieri, 2005] . Furthermore, in a comparative study of 12 non-human primate species, Dobson [2009] also found that the diversity of facial expressions is most strongly positively correlated with group size. Hence, even as Darwin [1872] long considered, among species living in socially complex systems, gestures and other forms of non-vocal signaling are expected to be important modes of communication and influenced by social dynamics.
In the case of the African apes, gorillas have been described as having a despotic social structure, thus their gestural repertoire is expected to be smaller than either species of the genus Pan. However, gorillas appear to have comparable (and in some cases larger) gestural repertoires compared to chimpanzees and bonobos Pika et al., 2003; . Because the social structures of African apes are so diverse, an examination of the factors that shape gestural communication across species may help to resolve this reported discrepancy and elucidate how the social environment can influence patterns of communication (see Table II for our predictions based on social dynamics).
In the wild and in captivity, African apes are remarkably varied with regard to agonism, sexual behavior, dominance relationships, group size, and intra-sexual interactions [reviewed in King, 2004] . Here, we use social dynamics as a broad term to describe the types of social relationships that exist within a species and the patterns of social grouping. Hence, particular social dynamics can be determined by the time individuals spend in proximity, how often individuals groom, the frequency of agonistic encounters, and the stability of dominance hierarchies within communities and populations. Examining communicative interactions within and within and across different age-and sex-class dyads will shed light on the social dynamics of these three species and provide clues about the ways in which individuals interact and communicate information.
Consequently, we feel it is important to test the hypothesis that gestural signaling should differ among dyads as a function of the frequency of interactions between individuals and the nature of those interactions. For example, rates of gesturing and the types of gestures used between adult females may vary across the African apes depending on the nature and frequency of interactions in femalefemale dyads. Among gorillas, affiliative behavior between adult females is not a common occurrence. In over 800 hr of observation with western lowland gorillas at Mbeli Bai, Stokes [2004] observed no grooming and very little affiliative behavior between adults of both sexes. When adult females do exhibit affiliative behavior, it is typically directed towards their offspring or the silverback, but rarely towards other adult females [Stokes, 2004] . Similarly, among chimpanzees, adult females in the wild often forage in small parties with their close kin or travel alone, so females do not spend as much time with each other as do males [Wrangham & Smuts, 1980] . Even in captivity, where females cannot emigrate, females tend to socialize very little with each other (but see Baker and Smuts [1994] for evidence of increased Am. J. Primatol. adult female affiliation in captivity), and overt dominance interactions between females tend to be rare [de Waal, 1982] . In wild and captive environments, dominant, resident females have been shown to form coalitions against subordinate, immigrant females (at Gombe: Goodall [1986] , Pusey [1980] ; at Mahale: Nishida [1989] ; in captivity: Baker and Smuts [1994] ). Finally, bonobos exhibit flexibility in group size and composition, as well as diversity in their social relationships. A dramatic difference between chimpanzee and bonobo social behavior is that females are often dominant to males in bonobo society, though dominance hierarchies are not always straightforward [Paoli et al., 2006; White & Wood, 2007] . Females even form coalitions with each other in agonistic encounters against males or when defending food sources against males [Kano, 1992; Parish, 1994] , and interact with each other regularly via sexual behavior [Hohmann & Fruth, 2000; Hohmann et al., 1999] . We recommend that researchers examine who is gesturing to whom, how frequently, in what social contexts, and with what specific gestures to determine how these diverse social dynamics are reflected in the gestural repertoires and patterns of gestural signaling for each species.
How often individuals communicate with each other and the nature of that communication can also depend on the number of young individuals in the group, the presence of dependent offspring, and even the particular personalities and leadership styles of high-ranking individuals. We suspect that general patterns of gestural signaling can be used as measures of the social dynamics of a species, but the frequency of gestural signaling among certain individuals and within particular social contexts can stray from these patterns because of specific relationships within a group, particularly within a behaviorally flexible genus like Pan. Data on the influence of social dynamics on African ape gestural communication can inform us about particular social contexts that give rise to more frequent gestural signaling, and this could shed light on how early hominin societies may have used gestural communication to meet their social needs.
THE IMPORTANCE OF POSITIONAL BEHAVIOR
The influence of locomotion and body posture on gestural signaling has thus far been neglected in investigations of gestural signaling in the African apes. Though all African apes are predominantly knuckle-walkers and have anatomical adaptations for suspensory locomotion, few cross-species comparisons have been done and thus no definitive conclusions have been reached as to exactly how African apes differ in their locomotor profiles. In particular, quantitative data are lacking with respect to terrestrial positional behavior and the degree of arboreality of wild apes because researchers have been unable to consistently follow wild bonobos [Doran, 1996; Doran & Hunt, 1994] or gorillas [Doran, 1996; 1995, 1998, 1999] through dense vegetation. Doran and Hunt [1994] pooled data from various chimpanzee and mountain gorilla field sites and reported that more than 85% of their locomotor activities were quadrupedal and 90% of their postural activities were attributed to sitting and lying. More detailed accounts of time spent in various postures or locomotion or specific positional behaviors used when terrestrial versus arboreal, however, have not been obtained due to the dearth of reliable field data for bonobos and western lowland gorillas. As a result, the relationship between positional behavior and gestural communication in the African apes has been difficult to establish. We argue that the connection between locomotion and gestural signaling must be considered when exploring the variability in gestural repertoires among the African apes and when examining the evolution of non-vocal communication. To test the hypothesis that early hominins started using more manual gestures once their upper limbs were freer, it is critical to examine the relationship between gestures and locomotion, and whether greater freedom of the hands indeed encourages gestural signaling in the African apes. We hypothesize that the locomotor profiles of African apes (which depend on environmental conditions, body size, and skeletal anatomy) should dictate the availability of the upper limbs for gesturing and the frequency with which gestural communication is employed [see Table II for our predictions based on positional behavior].
To explore the relationship between gestural signaling and positional behavior, we propose that researchers should examine the proportions of time spent in various positional behaviors, the frequencies of these behaviors, and the degree of arboreality versus terrestriality. For example, because of their large body size, especially for adult males, we would expect gorillas to spend more time on the ground in seated postures than either species of Pan, thus freeing their upper limbs to gesture; hence, gorillas gestures should have a relatively high frequency of upper limb involvement in gesturing. Bonobos generally have longer lower limbs than chimpanzees or gorillas [Coolidge & Shea, 1982; Doran, 1993; Morbeck & Zihlman, 1989] , which may enable them to walk bipedally more efficiently. As a result of this "liberation" of hands [Copple, 2003, p. 54] , the frequency with which upper limbs are available for gesturing among bonobos should be higher than among chimpanzees, whose upper limbs we expect to be occupied more often in knuckle-walking. As a result of the predicted increased terrestriality and seated postures of gorillas (which also frees their upper limbs for gesturing) and the increased bipedal locomotion of bonobos, we expect gorillas and bonobos to have greater freedom to gesture with their upper limbs, and thus gesture at a higher rate than chimpanzees. Furthermore, researchers should examine the particular posture or mode of locomotion actors used at the time of gesturing to determine whether upper limb availability influenced gestural signaling. Manual gestures that are restricted to the upper limbs (such as arm raise) could certainly be more easily produced when in a bipedal or seated posture, and other gestures that are not restricted to the upper limbs, but are tied to a particular body posture or have a locomotor component (such as gallop) are also very much influenced by the positional behavior of the animal producing the gesture. Manual gestures and those that rely on positional behavior but are not restricted to the upper limbs are identified in Table I . Despite the proposed importance of body postures and locomotion to the gestural origins theory, the relationship between gestural signaling and positional behavior has yet to be resolved. Thus, this is a critical aspect of gestural signaling that could offer insight into the physical contexts that influence gestural signaling.
DISCUSSION
Our goals in this paper have been twofold: (1) to emphasize how comparative studies of human and African ape gestural communication can be useful for understanding the origins and evolution of language and (2) to propose that social dynamics and positional behavior must be considered carefully when examining gestural communication in African apes and when attempting to uncover how human language may have emerged. The theory that language originated from gestures is based, in part, on the flexibility of gestures in human and non-human primates, and the fact that gestures are universal in modern human communication. In fact, gestures are more than just a universal means of communication. As Cartmill et al. [2012] recently stated, "the movements we make with our hands both reflect our mental processes and help to shape them [129] ." A growing body of research has also shown that neural networks involved in language production and comprehension are active during body movements and gesture production and processing, and these networks have correlates in non-human primates [e.g., Arbib, 2005; Perrett et al., 1985] . Collectively, these findings demonstrate evolutionary continuity between language and motor actions in primates [Arbib, 2005; Kelly et al., 2002] as well as illustrate an important feature of gestural signaling-that body movements are inherently connected to language comprehension and production. The question now becomes: what can we learn about the origins and evolution of human language by studying the gestural communication of African apes and how can we best investigate this connection? Tomasello and Call [2007] assert that: (1) flexible gestural signaling, (2) increased sensitivity to audience effects inherent in comprehending visual Am. J. Primatol. signals, and (3) the development of an interest in sharing intentional states with others were three milestones of language evolution. The authors argue that these developments were more likely the basis for symbolic communication than were vocalizations [Tomasello & Call, 2007] . The ability to adjust communication based on the attentional states of others was likely a building block for the development of more advanced cognitive abilities like shared intentionality, decision-making, joint attention, theory of mind, and self-awareness [Liebal & Tomasello, 2009; Pika & Mitani, 2006; Pollick & de Waal, 2007; Tomasello & Herrmann, 2010] , and these abilities were clearly important to human language evolution, perhaps even forming the basis for intermediate stages of "protosign" and "protolanguage" [Arbib et al., 2008] .
Referential gestures like declarative and imperative pointing, emblems, and pantomimes are vital components of human gestural signaling, yet there seems to be a great divide between these prominent human gestures and the meaningful yet limited gestures of African apes [Tomasello & Herrmann, 2010] . Gestures like declarative pointing to direct one's attention to something external or imperative pointing to recruit another to cooperate or attend to a shared goal are crucial to opening up the dyadic interactions between actors and recipients to involve third parties or external objects [Povinelli & Davis, 1994; . Humans develop these abilities in infancy as they learn to follow their mothers' gazes, focus jointly on objects or events with others, and begin pointing to direct others' attentions elsewhere [Liebal & Tomasello, 2009; Striano & Stahl, 2005] . Although pointing is quite common in human communication, it has rarely been observed among apes. Language-trained apes in captivity have been reported to point to humans and to conspecifics (see Leavens [2012] for a review), but consistently reliable accounts of spontaneous pointing among conspecifics are noticeably lacking in captive and wild populations of apes. Understanding the thoughts and intentions of others and being able to communicate about external events or objects by using gestures are essential social skills necessary for language development, and these skills were presumably important for the evolution of language as well.
Limited evidence for referential gesturing has been reported among non-human primates, but they are not abundant in the African ape gestural repertoire. No observations of pointing have been reported for untrained captive or wild non-human primates. Savage-Rumbaugh et al. [1977] reported the use of referential gestures in language-trained bonobos, and Tanner and Byrne [1996] reported that a captive silverback gorilla used a referential gesture (referred to as "iconic") to direct a female's movements by making a downward motion with his hand.
One instance of referential gesturing was reported between pairs of adult male chimpanzees in the wild when actors used a "directed scratch" gesture to direct recipients' attention to their own bodies, presumably to request that the recipients groom there [Pika & Mitani, 2006] . This type of signaling has never been reported elsewhere and the gesture was not referential in the sense that it directed another's attention to an external referent since the gesture was directed at the actor's own body. A recent examination of 20 years of data on free-ranging, rehabilitated orangutans in Borneo uncovered the use of pantomimes mainly as tools to enhance unsuccessful requests [Russon & Andrews, 2010] . Fourteen of the 18 pantomimes Russon and Andrews [2010] identified were used during interactions with humans, while the remaining four were used by orangutans to communicate with conspecifics. The authors suggest that pantomimes are more widespread than previously assumed, but this has yet to be confirmed.
More directed research that aims to explicitly examine the functional and intentional meanings behind ape gestures [e.g., Cartmill & Byrne, 2010] , explore the nature of collaborative and triadic interactions [e.g., Tanner & Byrne, 2010] , and discover new experimental approaches for investigating the cognitive underpinnings of gestures [e.g., Hare et al., 2001; Vonk & Povinelli, 2006] will aid in our understanding of this flexible, multi-functional, highly variable mode of communication. Understanding how certain cognitive abilities differ within and between humans and African apes can provide more information about the origins and evolution of these abilities and their impact on the evolution of language. Exploring how gestural signaling varies according to different dyadic relationships and social contexts can reveal more information about how the social environment shapes communication and may have facilitated the transition from simple manual gestures to the more complex, referential gestures used by modern humans.
The theory that language originated in gestures is also based on a shift toward bipedality in early hominins that provided an opportunity for the upper limbs to become more available for gestural signaling. Using the upper limbs, perhaps along with facial expressions, communication could be achieved between group members over long distances without drawing attention from predators like vocalizations potentially could. Kelly et al. [2002] argue that "the original functions of communication and language systems were perfectly suited for the body, and that the body continued to shape language over time [324] ." Donald [1991] contends that the transition to obligate bipedality could have sparked the development of "mimetic culture," in which pantomimes of the hands and body were used to communicate about external events. This type of gesturing, along with the use of increasingly controlled speech, could have been the basis of human language. Similarly, Arbib et al. [2008] propose that symbolic gestures such as pantomimes that followed syntactical rules eventually gave rise to "protosign," which laid the groundwork for the emergence of "protolanguage" and eventually language in early hominins.
These theories regarding how communication may have flourished in response to changes in locomotion and body posture hinge on a presumed connection between positional behavior and gestural communication that has yet to be explicitly examined, though one of us is beginning to do so with observational studies on captive African apes . If the shift toward bipedality was indeed instrumental in advancing gestural signaling and, thus, language in early hominins, then exploring how African apes use gestures in relation to their positional behavior could reveal key information about the relationship between gestural signaling and body postures and locomotion. Ongoing [Smith & Delgado, unpublished data] and future work regarding the interconnectedness of cognition, social dynamics, positional behavior, and gestural communication will contribute to our understanding of just how intimately connected gestural signaling is to the bodies and minds of its users and what factors may have sparked the emergence of language in early hominins.
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